Objective: The aim of this study was to assess cerebellar growth of very low birth weight infants from birth to discharge and compare it with term infants.
Introduction
Very low birth weight preterm newborn infants very often present several motor deficits, including fine motor function and coordination alterations that are ascribed to cerebellar injury. [1] [2] [3] Recently, the important role of cerebellum in non-motor functions such as cognition, language and social functions has been known. 4, 5 These deficits are also described in very low birth weight infants. 6 Cerebellar volume increases fivefold from 24 to 40 weeks postmenstrual age. 7 Studies have shown smaller cerebellar volumes in children and adolescents with a history of preterm birth in comparison with those delivered at term. 8, 9 There are few studies
showing that in some preterm infants at term equivalent age, cerebellar volume is smaller than in normal term infants. 10, 11 Preterm infants included in those studies were not only very low birth weight, but also were not matched to controls according to postmenstrual age at date of examination, gender and adequacy of birth weight to gestational age. The aim of our study was to study cerebellar size at termcorrected age of very low birth weight infants compared with matched term infants.
Methods
We studied prospectively a cohort of very low birth weight infants born at Hospital de Clínicas de Porto Alegre formed by newborn infants with birth weight p1500 g that were admitted to our Hospital, and survived until 38 weeks-corrected gestational age. They were admitted sequentially in the study until the estimated sample size was completed. The control group was formed by normal-term newborn infants matched with study cases by gender, adequacy of weight to gestational age at birth and postmenstrual age at hospital discharge. We excluded patients with major congenital malformation, any central nervous system malformation, congenital infections, peri-intraventricular hemorrhage of any grade, cerebellar hemorrhage and meningitis.
The following data were obtained from all infants: birth weight, head circumference at birth, gestational age, antenatal use of corticosteroid, maternal pre-eclampsia, type of delivery, small for gestational age, gender, use of surfactant and sepsis. None of the patients received postnatal corticosteroid therapy. We obtained corrected gestational age, weight and head circumference at discharge in all very low birth weight infants.
Postmenstrual age was evaluated by using the data of the last menstrual period and confirmed by early obstetric ultrasound and neonatal clinical examination. Small for gestational age was defined as birth weight less than tenth percentile. 12 Sepsis was diagnosed based on the presence of clinical findings and positive results in blood cultures. Diagnosis of maternal pre-eclampsia was made on the basis of arterial hypertension (blood pressure X140 mm Hg systolic and/or X90 mm Hg diastolic) developing after 20 weeks gestation with proteinuria >300 mg in a 24-h urine sample or edema in a pregnant woman with no other cause for the symptoms.
All very low birth weight newborns included in the study were submitted to cranial ultrasound through anterior and mastoid fontanel in the first 72 h and at hospital discharge. The control group was submitted to the same cranial ultrasound in the first 72 h of life. Ultrasound was performed using a Logic 5 Scanner (GE Medical Systems, Waunatosa, WI, USA) with a 7.5-MHz transducer. Transverse cerebellar diameter was measured in every patient at each moment of examination.
All very low birth weight infants were subjected to magnetic resonance imaging after discharge within the first year.
Sample size was calculated from published data. 6 Based on a statistical power of 80% and a significance of 5%, the resulting sample size was 48 (24 in each group).
We used SPSS software (SPSS 16.0 for Windows; SPSS, Chicago, IL, USA) for the analysis. Student's t-test was used to compare cases and controls. Analysis of variance and Tukey's post hoc test were used to compare controls with cases with and those without periventricular leukomalacia.
The study was approved by the hospital's ethics committee (number 07-160), and informed consent was obtained from all parents or guardians before the study.
Results
A total of 48 newborn infants were included in the study, which comprised 24 very low birth weight infants and 24 controls.
Very low birth weight newborns had a mean gestational age of 30.5 ± 1.7 weeks and a mean birth weight of 1247 ± 190 g; 17 (70.3%) were delivered by cesarean section, prenatal steroids were used in 12 (50%), maternal pre-eclampsia was present in 6 (25%); 14 (58.3%) were female and 12 (50%) were small for gestational age. Sepsis was diagnosed in 3 (12.5%) patients, and exogenous surfactant was used in 11 (45.8%). Head circumferences at birth and at hospital discharge were 27.3 ± 1.5 and 32 ± 1.4 cm (P ¼ 0.0001), respectively. Transverse cerebellar diameters at birth and at hospital discharge were 3.29±0.28 and 4.20±0.41 cm (P ¼ 0.0001), respectively. At hospital discharge the mean corrected gestational age was 37±1.7 weeks, and the weight was 2019±209 g. The mean postnatal age of hospital discharge was 46 ± 12 days.
The control group had a mean gestational age of 37±1.7 weeks and a mean birth weight of 2631 ± 423 g. They were matched with very low birth weight infants by gender, adequacy of weight to gestational age at birth and postmenstrual ages at hospital discharge.
There was a difference between cases and controls at hospital discharge in regard to weight and transverse cerebellar diameter. Weight at discharge and transverse cerebellar diameter were significantly smaller in cases than in controls (Table 1) .
Six very low birth weight infants had periventricular leukomalacia at magnetic resonance image in the first year: two presented cystic and four diffuse periventricular leukomalacia. Preterm infants with periventricular leukomalacia had a mean gestational age of 29.8 ± 1.5 weeks and a mean birth weight of 1213±267 g; prenatal steroids were used in two; two were small for gestational age; sepsis was diagnosed in one patient; and exogenous surfactant was used in four, with no statistical differences between preterm infants with and those without leukomalacia. Hence, we divided the case group into those with and those without periventricular leukomalacia. We compared the two groups with the control group. Newborn infants with periventricular leukomalacia had significantly smaller transverse cerebellar diameters than the control group (P ¼ 0.005). The transverse cerebellar diameters of preterm newborns without periventricular leukomalacia were similar to those of the control group (P ¼ 0.135) ( Table 2 ).
Discussion
Our data showed that very low birth weight infants without periventricular leukomalacia presented cerebellar growth comparable to normal term newborns, even with subnormal postnatal growth. There was also a remote effect of the presence of periventricular leukomalacia affecting cerebellar growth.
Prematurely born adolescents with cognitive, motor and neuropsychological abnormalities showed decreased cerebellar volume when compared with term-born controls.
6,9 Limperopoulos et al.
10 studied newborn infants with gestational age p37 weeks and compared them with term newborn infants. They found that cerebellar volume was significantly smaller in premature infants, especially in those with supratentorial lesions. Shah et al. 11 showed that preterm infants with decreased cerebellar growth had a delayed neurodevelopment at the age of 2 years. They included patients with significant intraventricular hemorrhage and white matter injury. Spittle et al.
14 showed that preterm infants with reduced cerebellar diameter presented abnormal general movements at the age of 3 months. Srinivasan et al. 15 showed that cerebellar volume was decreased in preterm infants with periventricular leukomalacia, ventricular dilatations and porencephalic cysts. Our data showed that very low birth weight infants with periventricular leukomalacia had a decreased transverse cerebellar diameter.
There are some mechanisms that impair cerebellar growth in premature infants. Undernutrition, infection and postnatal glucocorticoid exposure can affect cerebellar growth in very preterm newborns. 16 None of the studied patients used postnatal corticosteroid and just three had neonatal sepsis, with only one having periventricular leukomalacia. The use of prenatal steroids was similar in preterm with and those without periventricular leukomalacia. Although our very low birth weight infants had a postnatal weight gain significantly lower than that expected in comparison with the intrauterine growth curve, those with no supratentorial injury had a cerebellum growth comparable to term infants. Head growth was similar between very low birth weight and term infants, suggesting that the central nervous system grew equally in both groups.
The impaired cerebellar growth secondary to supratentorial injury is explained by remote trans-synaptic effects and trophic transneuronal interactions involving connections between the brain and cerebellum. Deficits in excitatory input and output from the brain to cerebellum appear to impair cerebellar growth and development. 16 Intraventricular hemorrhage has been reported to be associated with decreased cerebellar volume, and this may be the result of concurrent cerebellar injury or direct effects of subarachnoid blood on cerebellar development. 17 We did not include any patient with any grade of intraventricular hemorrhage in our cohort, and that may be the reason why our group without periventricular leukomalacia had a normal cerebellar growth.
A limitation of our study is the small sample size of very preterm infants. The strengths are that we included only preterm infants with birth weight p1500 g with strict criteria for cases and matched controls. We excluded those with intraventricular hemorrhage, which is the main reason for decreased cerebellar volume. 17 We could demonstrate that preterm infants had a cerebellar growth similar to term newborns when there were no supratentorial injuries. Although we did not use magnetic resonance imaging, we were able to detect normal and abnormal cerebellar growth using cranial ultrasound through the mastoid fontanel. We can suggest that cranial ultrasound is a useful method to assess cerebellar growth in very low birth weight infants.
We also suggest that a large very low birth weight cohort with no supratentorial and/or cerebellar injury should be followed up to determine the real role of the cerebellum in the neurodevelopment of the very preterm infant.
